Background--Delayed presentation to hospital after an acute stroke is a major explanation given for low thrombolysis rates. This study aimed to investigate the factors associated with delays in presentation after an acute stroke and changes after a mass media campaign.
T hrombolysis with recombinant tissue plasminogen activator (rt-PA) administered up to 4.5 hours after the onset of symptoms has been demonstrated to significantly improve clinical outcomes in patients with acute ischemic stroke. 1, 2 Previously reported thrombolysis rates range from 1.6% to 18%, and these rates have been shown to vary by several factors, including age, sex, stroke severity, and ethnicity. [3] [4] [5] [6] [7] Delayed presentation is a major explanation given for the low thrombolysis rates. 3, 7 The median time from stroke onset to arrival in an emergency department (ED) in a review of at least 48 reports of prehospital delay time, including data from 17 countries, was between 3 and 6 hours. 8 Patients of black ethnicity have been reported to take longer than white patients to arrive at the ED in some studies [9] [10] [11] but not in others. 12, 13 These previous studies have mainly been conducted in the United States, and ethnic differences in other Western populations remain unexamined. It has been suggested that increasing public awareness of stroke symptoms is likely to decrease prehospital delay and subsequently lead to an improvement in the rates of thrombolysis. 7 The Department of Health of England launched a campaign (The Stroke: Act FAST (Face, Arms, Speech and Time) awareness campaign) to promote public awareness of stroke in February 2009. 14 The campaign aimed to educate healthcare professionals and the public on the signs of stroke and the benefits of prompt treatment. It was implemented through a series of advertisements screened on national television over a period of about 1 year, depicting stroke spreading like fire in the brain.
The aims of this study were to examine the time from onset of stroke symptoms to arrival at the ED and factors associated with prehospital delay, including ethnicity, in a multiethnic population in South London between 2002 and 2010. In addition, the study sought to investigate temporal trends in prehospital delay after onset of stroke symptoms and the use of thrombolysis among patients with ischemic stroke in the period before and after the FAST campaign.
Methods

Identification of Cases
Patients registered in the South London Stroke Register (SLSR) between January 1, 2002, and December 31, 2010, were included in this study. The SLSR is an ongoing population-based stroke register collecting data on first-ever strokes in patients of all age groups in a defined area of South London. At the 2001 census, the population of the SLSR area was 271 817, with 63% white, 9% black Caribbean, 15% black African, and 13% other ethnic groups. The detailed methods of notification of patients and data collection have been described previously. 15 In brief, all persons with first-ever strokes notified from multiple sources were enrolled onto the register. A structured questionnaire was completed for every stroke patient by interviewing the patient or family and reviewing their medical notes. Patients with subarachnoid hemorrhage were excluded from this analysis.
Baseline Assessment
Data obtained on demographic details include age, sex, selfdefined ethnic origin (based on the 2001 UK census question and categorized into "white," "black" [black Caribbean, black African, and black other], and other ethnic groups), and socioeconomic status (based on the Registrar General's occupational codes and grouped into manual, nonmanual, and economically inactive [if student, unemployed, or unable to work because of disability or being a carer]). Patients were examined as soon as possible after notification to the SLSR by a study clinician certified in the use of the National Institutes of Health Stroke Scale (NIHSS), 16 who recorded the severity of the stroke and neuroradiological features. Stroke severity at the time of maximum impairment was assessed by the Glasgow Coma Score (classified as 0 to 8 and 9 to 15), the NIHSS score (classified in quartiles from the least to the most severe), and the presence or absence of dysphagia. Classification of the pathological subtype (cerebral infarction and primary intracerebral hemorrhage) was based on results from brain imaging (computed tomography scan or magnetic resonance imaging). Cases without pathological confirmation of stroke subtype were considered unclassified.
Prehospital Delay
Prehospital delay to presentation was defined as the time from the onset of stroke signs or symptoms to arrival at the ED of hospitals serving the study area (2 teaching hospitals within and 3 hospitals outside the study area). The exact admission time was routinely recorded for every acute stroke patient who presented to the ED. The time of onset of symptoms was obtained from the patient or an available witness and was considered as the time the patients or witnesses noticed the symptoms that may represent an initial stroke. If the symptoms occurred during sleep, the time of awakening was recorded as time of onset. Where patients were alone and history was unreliable, the time of symptom onset was considered to be the half-way point from when the patient was last seen well to the time the patient was found. 17 
Statistical Analysis
The distribution of the delay from stroke onset to presentation at the ED was positively skewed and was summarized by the median and upper and lower quartiles. The differences in median time between sociodemographic and clinical subgroups were analyzed with the Mann-Whitney U test. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to describe associations between prehospital delay (≥3 hours) and sociodemographic as well as clinical factors using multivariate logistic regression analyses. Covariables included in the logistic regression models were selected on the basis of their significance in univariable analysis (P<0.20) and their clinical relevance to the outcome of interest as reported from other studies. They included age, sex, ethnicity, socioeconomic status, NIHSS score, Glasgow Coma Score, stroke subtype, time of day, and year of stroke. All patients with onset of stroke between 2002 and 2010 were included in these analyses. Temporal changes in these associations were determined by examining the differences in the period immediately before and after the FAST campaign (ie, 2007/2008 versus 2009/2010) . Logistic regression models were also used to examine the association between patient characteristics and the likelihood of receiving thrombolysis among a subset of patients with ischemic stroke occurring between 2002 and 2010. Patients with missing data were excluded from the logistic regression analysis. All analyses were performed with STATA 10.
Ethical Approval
Patients or their relatives gave written informed consent to participate in the study. The design of the study was approved by the ethics committees of Guy's and St. Thomas' Hospital Trust, King's College Hospital, Queen's Square, and Westminster Hospital (London).
Results
There were 2048 patients with a first-ever stroke registered between January 2002 and December 2010. Of these, 202 Table 1 shows the median prehospital delay time for all patients by selected sociodemographic and clinical characteristics. The overall median prehospital delay to presentation time was 4.73 (1.55-12.70) hours and was longer in patients of black ethnicity, patients living alone, patients with an ischemic stroke, and those with less severe strokes. There was, however, no significant difference in the median prehospital delay time for the period immediately before (2007/2008) and after (2009/2010) the FAST campaign.
In multivariable analysis shown in Table 2 , the odds of presenting to hospital ≥3 hours after onset of stroke symptoms were increased in patients of black ethnicity compared with whites (OR: 1.63; 95% CI, 1.11-2.38). The odds of delay in presenting to hospital were significantly lower in those who lived with others (OR: 0.64; 95% CI, 0.45-0.89) and in those with more severe strokes characterized by the presence of dysphagia (OR: 0.66; 95% CI, 0.45-0.98) and higher NIHSS score (OR: 0.35; 95% CI, 0.20-0.61). Patients who had their stroke at night were more likely to arrive later than those whose strokes occurred during the day (OR: 1.85; 95% CI, 1.35-2.53). There was no difference in prehospital delay in the period immediately before the FAST awareness campaign compared with the postcampaign period (OR: 1.16; 95% CI, 0.65-2.08). Among patients with ischemic stroke, 119 (11.0%) received thrombolysis. In multivariable analysis shown in Table 3 , the odds of receiving thrombolysis increased with stroke severity characterized by higher NIHSS scores and decreased with increasing age (P-trend <0.001). The odds of receiving thrombolysis were also lower in patients of black ethnicity (OR: 0.49; 95% CI, 0.26-0.95). There was no difference in thrombolysis rates before or after the FAST campaign.
A total of 251 (19.0%) patients died in hospital during their admission. In multivariable analyses adjusting for sociodemographic differences and case severity, the odds of death among those reporting to hospital later (≥3 hours) were not significantly different from those who arrived within 3 hours of symptom onset (OR: 0.90; 95% CI, 0.55-1.46).
Discussion
This study found significant prehospital delays after onset of stroke symptoms similar to those reported from earlier national and international studies. 10, 11, 13, 18, 19 Consistent with some prior studies, patients with more severe strokes, those with hemorrhagic stroke, those who lived with others, and those with daytime onset of symptoms were more likely to arrive within 3 hours of symptom onset. 11, [18] [19] [20] [21] An important observation in this study was the increased prehospital delay observed in patients of black ethnicity in South London, similar to previous reports of black populations in the United States. [9] [10] [11] There were suggestions that patients of black ethnicity were also less likely to receive thrombolysis in our study, possibly because they were more likely to arrive outside the therapeutic window currently approved for thrombolysis. Despite the higher incidence of stroke in patients of black ethnicity, previous studies have demonstrated that blacks are far less likely be aware of the availability of recombinant tissue plasminogen activator, independent of their level of education, and are also less likely to be aware of stroke warning symptoms and to call the emergency services. 15, 22, 23 In a systematic review of mass media interventions designed to improve public recognition of stroke symptoms, emergency response, and early treatment, public education campaigns increased the awareness of stroke symptoms significantly but had limited impact on behavior. 24 The Department of Health of England's multimedia "Stroke: Act FAST" campaign in 2009, aimed at raising public awareness of the symptoms of stroke and the importance of prompt treatment. Public education through mass media campaigns has been shown to increase awareness of stroke symptoms and reduce the delay in presentation and referral of stroke patients in some but not all studies. 11, 23, 25, 26 The direct impact of the FAST campaign in this multiethnic population is uncertain, as the study, designed before the campaign, did not specifically enquire about that. On a national level, however, an increase of 55.5% in stroke calls to emergency services in the first 4 months after the campaign was attributed to the campaign in a Department of Health report, and 84% of the public were noted to remember the campaign. 27 The FAST campaign was aired for only a short time, which could have had an effect on the sustainability of any effects achieved. The findings from our population-based study suggest the need for more sustained educational campaigns targeted at those at higher risk of delay, including those of black ethnicity, who may not have been featured in the previous campaign. It is important for stroke awareness messages to encourage patients who develop symptoms to call the emergency services at any time of day as a matter of urgency. It is also necessary to have a better understanding of the symptoms experienced by patients and how patients evaluate the importance of these in terms of what action is deemed appropriate.
Study Limitations
First, the number of patients excluded from the analyses because of missing data on delay time could potentially affect the interpretation of our results, yet the characteristics of patients with data on delay time did not differ significantly from those with complete data. Second, we did not collect information on other factors that could have influenced the prehospital delay, including distance from the hospital, mode of transport to the ED, awareness of stroke signs and symptoms, or patients' awareness and response specifically to the FAST campaign. Despite these limitations, our study was derived from a wellestablished stroke register of a multiethnic population with data collected prospectively on stroke severity and other factors and with the ability to study prehospital delay in different ethnic groups. The cohort design of this study enabled us to examine changes in prehospital delay time after the FAST campaign.
Conclusions
In conclusion, this study demonstrated persistent significant prehospital delays after an acute stroke in this population and identified several factors, including black ethnicity, milder strokes, and living alone, that were associated with prehospital delay. Despite significant public education efforts in this study area by a national campaign to increase stroke awareness, there have been minimal changes in the response of patients to stroke symptoms, underscoring the need to identify factors that influence behavior, including time taken to evaluate symptoms perceived as minor, and address these with more effective public health programs. In addition, surveillance systems established to monitor and evaluate the effects of such programs in this population are required.
